Synaptic dysfunction occurs early in Alzheimer\'s disease (AD) and is acknowledged as a primary pathologic target for treatment. Synaptic degeneration is the pathological feature most strongly correlated with loss of cognitive function *ante mortem* (Terry et al., 1991). Synapses are heavily damaged in hippocampal and neocortical regions of AD brain, whereas motor and occipital cortices are relatively spared (Honer et al., 1992). Despite extensive work, the molecular mechanisms underlying synaptic degeneration are largely unknown.

Proteomics comprises a suite of techniques to identify proteins that show disease-related expression differences in biological tissues, including brain. A number of semi-quantitative approaches, including 1-dimensional and 2-dimensional (2D) gel electrophoresis, Western blot, mass spectrometry (MS) and tandem MS have been applied to such questions. Over the past few years, multiple reaction monitoring (MRM) has emerged as a powerful MS tool for quantifying proteins in complex mixtures including serum, plasma, cerebrospinal fluid and tissue. This paper will focus on using AD human autopsy tissue. Selected proteins of interest are targeted, thereby enabling hypothesis-driven studies that complement discovery-based experiments.

In MRM analysis, analytes that have been ionized in an electrospray source enter the first quadrupole, which identifies and selects peaks in a narrow mass to charge ratio (*m/z*) range around that of the target precursor ion. These are guided into the second quadrupole for fragmentation by collision-induced dissociation. The third quadrupole is set to a narrow *m/z* range around that of the target fragment ion. This precursor/fragment ion *m/z* pair is called a *transition*. Information-dependent acquisition analysis is conducted during the initial stage of MRM optimization to ensure that the transition truly derives from the target peptide. The two levels of mass selection effectively filter co-eluting ions, making MRM a highly sensitive and selective technique. Several transitions for each protein are monitored and compared in successive analyses for unambiguous quantification.

We used label-free MRM with an internal standard to target ten synaptic proteins in hippocampus and motor cortex tissue obtained at autopsy from AD cases and normal control subjects to gain insights into molecular processes underlying synaptic degeneration in AD (Chang et al., 2014a). Stable-isotope labeling can be used in combination with MRM for accurate protein quantification; however, it is overly expensive for discovery phase experiments, and label-free approach has been shown to provide accurate and reproducible quantification. Targeted proteins had been associated with AD, had not previously been quantified, or had shown conflicting results in previous studies. This within-subject design, in which heavily affected areas were compared with less affected regions from the same brain, minimized the effects of confounds such as age at death, post-mortem interval, cause of death, and medication. Analyses of covariance showed that neither post-mortem interval, nor age, nor post-mortem interval and age combined, had significant effects on the results. In addition, the selected precursor peptides were carefully chosen to be *proteotypic* (unique to the protein of interest) and free of any known chemical or post-translational modification. Peptides containing methionine or cysteine were excluded because they are prone to oxidation and alkylation respectively. This ensured that the expression differences detected were valid, and not due to isoform switching or modification. We utilized our published protocol for quantifying synaptic proteins in human autopsy tissue with label-free MRM (Chang et al., 2014b).

We found that the synaptosomal expression of peroxiredoxin-1 was significantly higher in AD hippocampus than in AD motor cortex, and significantly lower in normal, non-AD control hippocampus than in non-AD motor cortex. Peroxiredoxin-1 is an antioxidant protein that neutralizes free radicals, which are produced by oxidative phosphorylation and leak from mitochondria: synaptic boutons contain abundant quantities of these organelles (Coyle and Puttfarcken, 1993). It is widely accepted that free radical-induced oxidative stress is implicated in AD pathogenesis, mediated by mitochondrial dysfunction, calcium dysregulation, overload of antioxidant capacity, and protein aggregation (Stadtman and Levine, 2003). Higher peroxiredoxin-1 mRNA and protein expression has been reported in transgenic mouse models of AD and in AD whole-brain brain homogenates, and we detected differences between AD and normal brain synaptosomes with a 2D-gel based proteomic approach (Kim et al., 2001; Lee et al., 2011; Chang et al., 2013); our MRM study confirms the veracity of the last-mentioned finding.

Our MRM study also revealed significantly higher synaptosomal expression of dihydropyrimidase-related protein-1 (DRP1) in AD hippocampus than in AD motor cortex, but no regional difference in non-AD normal subjects. Interestingly, our previous 2D-gel study had shown no significant regional difference in synaptosomal DRP1 expression in AD cases (Chang et al., 2013). Peptide mass fingerprinting identified peptide SIPHITSDR from the DRP1 protein spot on a 2D-gel; this peptide is missing in an isoform of DRP1. We speculate that the lack of expression difference in the earlier study could be that of an isoform. DRP1 protein has not been fully characterized, but the dihydropyrimidase family is involved in neuronal morphogenesis and axonal outgrowth (Charrier et al., 2003), which suggests that the abnormal expression of DRP1 could be a compensatory mechanism for synaptic loss.

MRM showed that synaptosomal creatine kinase B and synaptotagmin-1 expression did not differ between AD hippocampus AD motor cortex; however, our 2D gel-based study showed significantly lower and higher expression (respectively) in AD hippocampal synaptosomes (Chang et al., 2013). Since our MRM assays specifically targeted proteotypic peptides with no known modification sites, the extent of post-translational modification may be altered in AD hippocampus. Decreased creatine kinase B level correlates not with gene expression but with post-translational oxidative modification (Aksenov et al., 1997; Aksenova et al., 1999). Hence, creatine kinase B oxidative modification may be higher in AD hippocampus, which could lead to neuronal dysfunction (Aksenova et al., 1999; Castegna et al., 2002). Likewise, synaptotagmin-1 functionality might be altered in AD hippocampus, leading to impaired vesicle trafficking and synaptic dysfunction.

Even when samples are separated on a large format 2D-gel, there is a possibility that two or more proteins canmigrate to the same protein spot. This inevitably introduces error in quantitation. Although 2D-gels have the advantage that protein modifications can be visualized as trains of spots, distinguishing the variants is cumbersome. On the other hand, MRM assay offers the ability to target peptides of interest. Peptides with modification can be targeted and quantified to assay post-translationally modified proteins, given only that a sufficient number of transitions can be developed for each protein variant.

A major pitfall of MRM is that great care must be taken to avoid false-positive peptides. It is essential to distinguish these from correctly identified peptides because enzyme digestion can produce homologous peptides from different proteins. Our initial list of targets included α-actin; two peptides SYELPDGQVITIGNER and VAPEEHPVLLTEAPLNPK gave strong transition signals. However, BLAST search revealed the former peptide sequence can also be derived from α-actin. Because using only one peptide for protein quantification is unreliable, β-actin was excluded from the study. Each targeted peptides should be BLAST searched to ensure that the peptide is unique to the protein of interest. The Skyline software we used for analysis (downloaded from public sources; see Chang et al., 2014a) has the ability to screen the preselected spectral library to pick out such proteotypic peptides. However, there is no guarantee that all the peptides/proteins of a target proteome will be present in the accessed spectral library. The full-scan tandem mass spectrum is subjected to *de novo* sequencing to aid the avoidance of false positives.

With the use of an internal standard protein, we achieved linear and reproducible MRM assays with a coefficient of variation of less than 9%. Linear MRM signals were obtained over the concentration range 1--4 μg (half and doubled the amount studied) for the transitions giving the highest peak area (*R*^2^= 0.999) and the lowest (*R*^2^= 0.997). MRM is an invaluable technique for the detection and reliable quantification of low-abundance proteins; disease-related proteins are often expressed at low levels. This study provides a platform for creating new avenues of investigation of many different neurological disorders.
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